We imaged the position of the Naked-Eye Burst, GRB080319B, before, during and after its gamma-ray activity with sub-second temporal resolution and discovered the fast variability of its prompt optical emission. Its characteristics and similarity with properties of gamma emission temporal structure suggest that it reflects the behaviour of internal engine -supposedly, a hyperaccreting solar-mass black hole formed in the collapse of a massive stellar core.
shocks produces the gamma-ray burst itself, while the subsequent interaction of the ejecta with interstellar medium manifests as a lower energy afterglow. Temporal structure of such flares reflects both the behaviour of the "internal engine" -accreting black hole or magnetar -and the structure and dynamics of the ejecta. Activity of "internal engine" is supposedly periodical in any model, while the behaviour of the ejecta and their emission is rather stochastic and is determined by the mechanisms of conversion of kinetic energy to an internal (thermal and magnetic) one of emitting particles, by the emission mechanism itself and by the structure of the ejecta (6, 7, 8, 9) .
Detailed long-term study of gamma-ray burst light curves have not yet succeeded in discovery of neither periodic variations nor any other direct signatures of "internal engine" behaviour.
Detection of optical flashes accompanying the gamma-ray bursts and study of their light curves may provide significantly new information on their physics. Indeed, discovery of prompt optical emission in follow-up observations of ROTSE-I (10), RAPTOR (11) , ROTSE-III (12) and UVOT (13) have lead to refinements of different GRB model details. However, it has not clarified the nature of the bursts well enough, mainly due to insufficient temporal resolution of the observations (typically worse than 10 s), that prevents the analysis of detailed structure of optical light curves and their relation to gamma-ray ones.
As a result of generic stategy of the searching for and investigation of fast optical flashes accompanying gamma-ray bursts (14, 15) we created the FAVOR (16) and TORTORA (17) widefield optical cameras with subsecond temporal resolution. The latter has succeeded in observing the Naked-Eye Burst (18, 19, 20) . A detailed presentation and analysis of these observations are the aim of this paper.
TORTORA is a small (12 cm objective diameter) telescope equipped with image intensifier and a fast (7.5 s −1 frame rate, 0.13 s exposures with no gaps) TV-CCD camera which routinely monitors 24
• x30
• area of the sky, covering part of current Swift gamma-ray telescope field of Table 1 : Best-fit parameters for the decomposition of the light curve into 4 peaks with shape described by Kocevski (21) profile, shown in Figure 2 . Here, T 0 and F 0 are the peak maximum positions relative to trigger time and fluxes, while r and d are the power-law indices of their rising and declining parts. ∆T is the distance between the peak and the next one.
view to catch the initial stages of gamma-ray bursts independently from gamma-ray satellite triggers. It is mounted on top of the Italian REM telescope (17) at La-Silla observatory (ESO, Chile).
We observed the region of GRB080319B (18, 19) TORTORA acquired the data in white light with sensitivity defined by the S20 photocathode used in the image intensifier (16). Instrumental object magnitudes have then been calibrated to Johnson V system using several nearby Tycho-2 (24) stars. A quick-look low resolution light curve (lacking the data during the REM repointing interval) has been published (18, 19) and has been found to agree with results of other wide-field monitoring cameras which also observed this burst, such as "Pi of the sky" (25) and RAPTOR (26) . Our complete full resolution light curve along with the low resolution one (after the restoring of the gap) are shown in Figure 2 . The light curve clearly shows four peaks with similar amplitudes, durations and shapes.
We decomposed it into four components described by a simple Kocevski (21) profile whose parameters are given in Table 1 . We stress that distances between peaks are nearly the same within the errors, and are around 8.5 s in observer frame, which corresponds to 4.4 s in the rest frame at z=0.937 (19) . Power spectral analysis of the plateau stage, excluding the rise and decay parts, also clearly reveals the separate peak at frequencies around this time scale (see Figure 3 ).
Therefore, for the first time, we have a clear detection of a periodic variations of prompt optical emission on a few seconds time scale.
We then subtracted the smooth curve, formed by four fitted peaks, from the original data and studied the residuals shown in the lower panel of Figure Minimization (22) method applied to the data (see Figure 5 ) also reveals the signature of a period near this time; the folded data show quasi-sinusoidal broad profile.
Such one-second periodicity is the fastest optical variability known to date for any extragalactic object.
To compare the temporal structure of optical and gamma-ray light curves we performed the cross-correlation analysis, using the plateau phase only, excluding the first and last 12 seconds of the burst both in optical and in gamma, which are obviously highly correlated (20) (see Figure 6 ). The correlation between the full-resolution optical data and the correspondingly rebinned gamma-ray one is no more than 0.5, due to high level of stochastic component in 0.1-1 s range in both optical (measurements noise) and gamma rays (actual high-frequency variability) (27) . For the low-resolution data, with a 1.3 s binning, the correlation coefficient is, however, as high as 0.82 if the optical light curve is shifted 2 seconds back with respect to gamma-ray one (see Figure 6 ). Correspondingly rebinned gamma-ray data demonstrate the same four nearly equidistant peaks as optical ones.
This is the first detection of a close relation between the temporal structures of the optical and gamma-ray prompt emission. In our the case, the gamma-ray burst itself precedes the optical flash by two seconds. This result is for a period of main energy release, while the highly correlated phases of emission rise and decay have different shapes in different energy ranges.
The ∆t ∼ 2 s delay of optical flash relative to gamma-ray one inevitably suggests that they were generated in different parts of the ejecta, and optical photons came from the dis-
farther from the central engine, where Γ 300 is the Lorentz factor in units of 300 (1, 28) .
The peculiarities we detected in Naked-Eye Burst clearly contradict models of the emission generation based on various kinds of interactions between a single ensemble of electrons and photons they generate (synchrotron or inverse Compton mechanisms) (19, 29, 30) . The same can be said for a model with two shock waves where the internal forward one produces the optical emission and the internal reverse one -gamma photons (31), or for a relativistic turbulence model (32, 33) . On the other hand, the fast rise and similarity of durations of all four optical flashes rule out an external shock (both forward and reverse) as a source of optical emission (34) .
At the same time, the temporal shift of the light curves, the absence of optical flux variations on 0.1-1 s in contrast to significant stochastic variability of the gamma one on the same time scale (27) , and the strong (by thousand times) excess of optical flux spectral density in comparison to the gamma-ray one (19) may be explained in the internal shock with residual collisions model (28) . In this model both high energy and optical photons are produced by a synchrotron emission of electrons on different distances from the central engine -the closer the harder the emission. The finer structure of high-energy emission is defined by the dynamics of collisions of shells with different Lorentz factors, whose kinetic energy heats the electrons by means of the shock waves. The number of colliding shells decreases with the distance (as shells merge in a collisions), which effectively smooths the optical light curve (28) .
Such a model, obviously, has its own difficulties (35, 32, 33, 34) , but it explains the whole set of observational data with a reasonable values of a bulk Lorentz factor Γ ∼ 300, total energy E ∼ 10 54 − 10 55 erg, interstellar medium density n ∼ 0.1 − 1 cm −3 and the emitting electrons Lorentz factor γ e ∼ 100 (28, 34) . The gamma-ray emission is then generated at a distance R γ < 2cΓ 2 τ γ (1 + z) −1 = 2.7 · 10 14 Γ It is worth noting that the conclusion of generation of optical and gamma emission of NakedEye Burst at different distances from the central engine is a direct consequence of the detected shift of optical light curve with respect to gamma-ray one. It does not depend on particular mechanisms of conversion of mechanical energy to internal one of electrons nor the emission mechanisms of the latters. Taking into account the high level of similarity of optical and gamma variability on 8-9 s time scale (see Figure 6 ) we inevitably conclude that these variations have the same cause -namely, the cyclic variations of internal engine activity (each flash of the light curve corresponds to one of four its episodes). Obviously, it would be impossible for the relativistic ejecta itself to display similar dynamics, both spatial and temporal, in regions separated by 10 16 cm.
Therefore, we can concluse that this is the first time in which the signature of non-stationary physical processes related to the internal engine of a gamma-ray burst was discovered in temporal structure of its prompt emission.
These cyclic variations may be the signatures of a black hole formed in a collapse of a progenitor star, surrounded by a massive hyperaccreting disk and launching the relativistic ejecta which produce the gamma-ray burst emission (3, 37, 38) . The non-stationarity of the ejection flow is a result of non-stationary accretion -the cyclic increase (by several orders of magnitude) of the accretion rate -due to gravitational instability (39) in the hot inner part of the disk.
The matter accumulates there due to suppression of the magnetorotational instability, driving the angular momentum transport, due to high neutrino viscosity in the inner parts of the disk.
In contrast, in outer, neutrino transparent parts of the disk the development of magnetorotational instability provides "normal" accretion rate. When sufficiently high amount of matter accumulates, the gravitational instability develops in inner parts of the disk, which significantly increase the local accretion rate. Then, after depletion of matter, the inner parts of the disk stabilize again. Such a process repeats until all the matter of the disk fall towards the black hole. As a result, the ejecta are modulated on a characteristic time scale of the matter accumulation and instability. On shorter scales, ejecta consist of separate blobs formed as a result of gravitational instability, whose collisions may result in an internal shocks.
Without going into a detailed discussion of such a model (39), we just note that nearly all observational properties of Naked-Eye Burst -duration of ∼50 s, ejecta energy of 10 54 − 10 55 erg, characteristic variability time scale in the source frame of ∼2.5 s -may be produced by an accretion of a one solar mass accretion disk with inner zone radius of 300 km (30 gravitational radii) onto a 3 solar masses black hole. Moreover, for the same set of parameters the ∼0.5 s variations in source frame, seen during the last stage of the optical transient (see Figure 4) , may be interpreted as a Lense-Thirring precession or nutation (40, 41) . As the ejecta wobbles, the line of sight crosses different parts of it with optical emission intensity varying by ∼10%. The non-detection of such a periodic feature in gamma-ray light curve may be due to significant stochastic component on the similar time scale (27) .
As a result of our wide-field high temporal resolution observations of Naked-Eye Burst for the first time the fast (from one second till ten seconds) optical prompt emission variability was discovered -and this is the fastest optically variable source seen on cosmological distances. The comparison of the burst variability in optical and gamma-ray range for the first time definitely revealed the direct connection of intensity variations with the activity of central engine, which is, supposedly, a newborn stellar-mass black hole accreting from massive hyperaccreting disk. Table 1 . Highresolution data for a missing part (since T + 24.5 s till T + 31 s, marked with gray vertical lines) has been simulated by a white noise with a mean corresponding to the smooth curve and a standard deviation corresponding to the one around the gap. Lower panel -power density spectrum of the plateau stage. Mean noise level (horizontal line) and error bars are estimated by bootstrapping method -by generating a large number of sample time series by randomly shuffling the original light curve, what completely destroys its time structure while keeping the distibution of its values, and by studying the distribution and quantiles of resulting power densities. The feature at ∼9 s is clearly visible with significance level better than at least 10 − 7, and corresponds to four nearly-equidistant peaks of the light curve. Low-frequency (less than 0.05 Hz) excess reflects the difference of mean intensity levels of first and second halves of the light curve. Figure 2 subtracted. Smooth line shows the best-fit sinusoidal approximation of the data with P = 1.13 s period. Lower panel -power density spectrum of this data, estimated the same way as described in Figure 3 caption. Horizontal lines represent mean noise level (lower) and a level of noise deviations with 10 −3 significance (upper), estimated by bootstrapping number of time series from the original data set. Vertical line corresponds to the period of the sinusoidal approximation shown in upper panel, clearly coincided with the peak of power spectrum. The probability of a random appearance of a feature like the one seen in any of 39 frequency bin is ∼ 0.01. . Gamma-ray curve is arbitrarily scaled and shifted for illustrative purposes.
